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1.0 ABSTRACT

2.

3.

4,

7.

8.

qualities arc summarized below.

FLYING QUALITY

Static Stick Pixed Longi~
tudinal Stability.

Static Stick Free Longi-
tudinal Stability.
Trim Change Characteristics

Dynamic Longitudinal
Stability

Blevator Control Fower

Elevator Control Forcee

Static Directional Stability

Rudder Control Power

Zstimated low speed stability .nd control characteristics of Douglas
Model XF4D-1 airplane are presented in this report. Based on analysis
of wind tunnel tests conducted on the latest configuration, the flying
The conclusions praesented below may
be considered applicable up to a Mach number of 0.8 since Uach number
effects are known to be minor up to thet speed.

RLUARKS

Satisfactory over low speed range
for an aft CG of 25% MAC. Minimua
of 5% static margin maintained for .
all speads at vhich Mach number
effests are negligible.

Satisfactory during normal control
conditions and smergency control

.conditions.

Excellent .

Damping of short period oscillation
does not meet regquirements of SR 119-B,
Control system should be designed so
that artificial damping can be

tdded if necessary.

Satisfactory. Hold-off 1,05

\/
astistactory for C.G. at 22% ulls
gear doan. Nose-whesl lift-off can
be effected at 90% of the minimum
take-off aspeed with C.G. at 22% MAC.

Normal Control Configuration: Satis-
factory. :

Emergency Control Configuration:
Satisfactory during unaccelerated
flight conditions. Stick force per
Tg" variation unavdtdab’y high during
turns and pull-ups above 200 kmots.

Satisfactory. Adverse yaw within
requirements. iinimunm cnﬁ-.OOllO.

Satisfactory.
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9.

10,

11,

12,
13,

1.

Rudder Forrnes

Dihedral Effect

Dynamic Laterel Stability

Lateral Controil .

Alleron Forees

Stalling Cheargcteristics

Satisfactory for airplane with no
yaw-demper, Unknown ap yet with
yaw~damper “installed,

Satisfactory but marginelly high,
stick fixed apd stick free, Wo
rolling velocity reversal,

Karginal with no artificial damping.

Characteristics with rate-gyro
installed estimated to be satis-~
faoctory,

Fxcellent,

Satisfactory for both normesl and
emergency conditions over low gpeed
flight range,

Satisfactory with nose-slats,
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3.0 COEFFICIFNTS AND SYMBOLS

Lift coefficient,

Drag coefficient, g

© o .adt-‘

Pitching moment coefficient about gquarter chord qs:'

point of wing mean aerodynamic chord,

R
Rolling moment coefficient, stability axes, ?35'

N
Yeawing moment cosfficient, ;ﬁ,‘

Side force coefficient, stability axss, :g—
o]
q 5,C
Variation of rudder hinge moment coefficient with rudder defleetion

Hinge moment coefficient,

Rolling moment due to rolling velocity
Rolling moment due to yawing veloocity
Yawing moment due to rolling velocity
Yewing moment due to yawing velocity
Side force due to rolling velocity
Side force due to yawing velocity
Yawing moment due to sideslip angle
Rolling moment due to ﬁidonlip angle
Side force due Lo sideslip angle

Lift curve slope

Variation of drag coefficient with angle of attack

Variation of pitching moment coefficient with 1ift coefficient
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Variation of 1ift coefficient with elevon deflection

Variation of pitching moment coefficient with elevon
defiection

Pitehing moment dui to pitching velocity

Angle of attack of principal longitudinal axis of airplane,
positive when principal axis is above flight path at the noese,
degrees

Radiue of gyration in roll about principsl longitudinal axis,
feot )

Radiue of gyration in pitch about principal lateral axis, feet

Radiue of gyration in yaw about principal normal axis, feet

Moment -of-inertia coefficient about principal longitudinal
nkxoz
axis

qbs
Moment . of inertia coefficient about prinecipal lateral axis,

mky 2
qQSb
Moment-of-inertia coefficient about principal normal axie
mk- 2
297

Qbs
Moment-of -inertia coefficient about flight-path axis
(Ix° colzq + Izo linzn)

Moment-of-inertia coefficient about axis normasl to flight
path (174 cos?n Iy, sin<n)

Product-of-inertia coefficient with respect to flight-path
axis and axis normal to flight path

C-(Izo-Ixo) sin n cos 1)

Airplane mass = %

p = rolling velocity, rad/sec,
r = yawing velocity, rad/sec.
b = wing span, feet

V = veloe¢ity, feet per sec.

where

Sy

—nt

s — e o - - - - w1 e e ——— e — .
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¥ = Mach number

l
|k |
!E Sy = Wing area, square feet
{F Se = Elevon area, square feet .
:k Sp = Rudder area, sguare feet
']
' S

N" Trimmer area, squars feet

'$ ty = Wing mean aerodynamic chord, feet

by = Wing span, feet

Ce = Elevon root mean square chord, feet

q = Dynemic pressure, pourds per square foot (1/2 pv2)
p = Mass density of air, slugs per cubic foot

V = Airspeed, feet per second ‘

( . Vy{ = Airspeed, knots, indicsted

a = Angle of attack of fuselage reference line, degrees

1

= Angle of yaw of fuselage reference line, degrees

A v
\

¥
z . B = Sideslip angle of fuselage reference, degrees
9 = Angle of roll, degrees

Se = Elevon deflection angle, degrees, negative when trailing edge up

Sr = Rudder deflection angle, degrees, " " » "  right

L

§x = Trimmer deflection angle, degrees, " " " " up

dn s

P Y ST L
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4.0 INTRODUCTION

This report summarizes low speed stability and control characteristies
of the final pre-flight-test configuration of Douglas Model XF4D-1. It
is eubmitted to show expected low speed flying qualities in comparison
with requirements of Bureau of Aeronautics Specification SR119-3,

Since Reference2 was aubmitted, numerous changes in the configuration
of the alrplsans made it advisable to verify estimated stability and
control characteristice with wind tunnel tests of the up-to-date con-
figuration, These teats were accomplished in two nhases: low speed
tests completed at Guggenheim Aeronsutical Laboratory, California
Institute of Technology in July, 1949 and presented in Reference 1 ,
and transonic "bump" tests completed at the Southern California Cooper-
ative Wiand Tunnel in July, 1949 and presented in Reference 2 .

Changes in the design of the airplane that have beeg incorporated into
the final configuration and which effeoct stablility and control are:

1. Change in shape and size of the fuselage

2. Decrease in chord of the elevons from 40" to 26",
parallel to wind stream

3. Change in span-wise division between inboard and
outboard portions of the elevon

4. Increase in total lateral deflection of the elevons
trom 2 150 to X 20°

5. Addition of auxiliary Fitch trimmers located intoard
of elevons to compensate the decrease in elevon
chord .

Items 2, 3, 4, and 5 were decided upon in an effort to improve the
"boost out” control characteristics of the airplane. It is believed
this program has been largely successful.

In general, results of the low speed analysis are presented for two
control operating configurations; normal operating condition and emergency
operating condition. Under normal opernting conditiona, calculations
take into account the following conditionas<

1. The control surfaces are actuated by an irreversitle power
system, There is no force feed-back from the cont.rol
surfaces to the pilot, :

2, The inboard and outboard elevons are inter-connected and

act symmetrically as elevators and asymmetrically as
ailerons,

e e

—_— e ————— . & e —— e — .
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For emergency control operation,calculations were made using the
following control charscteristics and restrictions:

The estimated final center of gravity range is 22% MAC maximum forward
and 25% MAC maximum aft. When applicable, calculations have been made

4
3
3, Stick forces are simylated both longitudinally and

laterally by s force “eel device whose force output
as measured at the top of the stick is F, =~ .009Se g,

longitudinally, and Fq = ,0053 SOP" side 3¢ laterally,

Tro effect of the gearing ratio is inecluded in the
constants ,009 and ,0053,

oo

b

1. Primsry longitudinal and lateral control obteined from
outboard elevons only, which are connected directly
to the stick., The inboard elevons are free floating.

2. Longitudinal and latersl etick forces sre obtained from
the aerodynamic hinge-moment of the outboard surfeaces,
The control stick has been lengthened to increase the H

gearing ratio, | ;i_o )» to .25 rad/ft.longitudinelly

and .40 rad/ft. lsterally. The artificial force feel l
system 18 disconnected.

3, The longitudinal trimmer may be positioned to any
angle between zero and 30° trailing edge up. .

for these two C,G, positions. 5
A summary of the high speed stability and control characteristics will -
be presented in the forthcoming Fart II of this report. i

ik s iz il
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5.0 PHYSICAL CHAAACT*RISTICS OF MODFL XF,D-l

The "ouglas Model XF4{D-1l is a single place, low aspect
ratio, swept-wing, tailless, interceptor type airplane
powered by a Testinghouse XJ40-WE-8 jet engine eguipped
for afterdurning. TPrimary longitudinal and lateral
control is accomplished by use of differentially acting
elevons located along the trailing edge of either wing,
Additionel longitudinal control may be obtained from
trimmers located inboard of the elevons, Directional
stability and control is obdtained from a single vertical
sarface lying in the plane of symmetry. An extendable
slat is located along the leading edge of the wing to
improve stall characteristics and increase maximum lift,
Due to the unususlly large angles of attack required for
take-off end landing, a tail wheel is added to the tricycle
type under-carriage,

Diagrams of the XP,LD-1 three-view layout, wing, and
vertical tail are shown in FPigures 1 2and 3, and its
physical dimeneione ‘are given in Table 1,
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TARLE 1
PHYSICAL CHARACTFRISTICS OF DOUGLAS MODEL YF4D-1
Component Part Units Dimension
Engine Weetinghouse XJ40 - WE - 8
Wing
Airfoil Designation
Root Section NACA 0007-63/30 - 9.5° Mod.
Tip Section NACA 0004 .5-63/30 - 9.5° Mod.
Area ‘q.fto 557
Spln 4 N 3305
Aspect Ratio - 2,02
Taper Ratio - 332
MAC ft. 18.25
Dist to MAC rt. 6.85
Sweepback of LE. deg. 52,5
Dihedral deg. 0 .
Twist deg. (o}
Lift Increasing Devige
Nose Slats
Type Automatioc
Span Rbw 54 .2
Chord (Parallel to FRL) I 12.68
longitudinal and Lateral Control Devices .
Elevons
Intoard + outboard
Area Aft one side) 8q.ft. 22,57
Root Mean Square Chord ft. 2,07
Span (percent #Wing Spen) By 66.7
Deflection (Perpendicular to K)
Pitch deg. 15° Up to 10° Dowm
lateral “deg. + 20
Inboerd
Area Aft I (one side) 8q.ft. 8.76
Root Xean Square Chord ft. 2.16
Span (percent Ting Span) %y 24.2
Outboard ’
Area Aft It (one side) sq.ft. 13.81
Root Mean Square Chord ft. 2,01
Span (percent Wing Span) $by L2.5
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sPABLE 1 (cont'@) q
Component Part Units Dimension
Longitudinal Trixmer
Area Aft N {(one side) sq.ft. 10,7
Root Mean Square Chord tt, 3.24 |
Spen (percent Wing Span) £by 20.4 1.
Deflection (Perpendicular to ]
Hinge Line) deg. 0, =30 ‘
Vertical Surfece )
Alrfoil Designation ' |
Root Section NACA 0008 - 63/30°- 99"
Tip Section NACA 0006 - 63/30 = 6°4%*
Area 'q.tto 477 |
Span ft. 7.58 ‘
Aspect Ratio -- 1.20 {
Tepc R‘tio - = ) '331 [} i
MAC rt. 6.86 i
Tail Length (0,25 ty - 0.25 ty) ft, 13.51 ’
|
Rudder
Area 8q.ft, 12,7
Spen 4. 6.08
Root Mean Sguare Chord e 2.18 :
Deflection (Parallel to FRL) deg. + 25 i
Gearing Ratios (Stick length to center !
of hand = 10" pormal &
18" emergency) ' '
Elevons ! f
Longitudinel |
Normal rad./ft. 449 (|
Emergenoy rad,/ft. 25 Y
Lateral ! |
Formal rad./ft. .718 ;
Fmergency rad./ft. «400 ]
Rudder
Yormal rad./ft. 1.7
i
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6.0 CONTROL SYSTEM DFSIOCN CHARACTFRISTICS

6.1 General Description

Llongitudinal end lateral control are accongliahed by elevons which 9
travel * 20° as ailerons and 15° ip and 10° down as elevators, In 3
addition,a trimmer is provided inboard of the elevons for the purpose 1
of incoreasing longitudinal control in a normal take-off or landing
and furnishing a means of emergendy longitudinal trim,

¥levon actuation may be obtained in three ways. Under normal conditions

the elevons sre operated by an irreversidble hydraulic power system that

is independent of the airplane's hydraulic system and is 80 designed

that an average rate of control deflection of 50 degrees per second

) ’ may be obtained, If the powsr source of this independent hydraulic -

o system fails, the aircraft's hydraulic sysiem will supply power for

) control actuation, but at an average rate of only 20 degrees per second.
i Should ell hydraulic power available for control actuation fail, a

msnuel control system is available, In this case the pilot is con-

nected directly to the outboard control surfaces (which may be used

i ( for both lateral end longitudinal control), but the inboard elevons

Q ) are free to float,

The general arrangement of the controls is shown by the sketch below,
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6.2 Normel Operating Charscteristics

Normally the elevons act together symmetrically for elevator eontrol and
asymmetrically for lateral control. The elevons are actuated by hydreaulie
power units with no feed-back of serodynamic forces to the pilot. Arti-
ficial feel will be provided by a device arranged to provide forces.
approximately proportional to stick displacement. Ths constant of pro-
portionality between stick force and stick displacement will vary epproxi-
mately with dynamic pressure up to a valus of "q" corresponding to about
M=, at S,L. Prom this "q" to higher values the stick force gradient
will remain constant, Trim will be sccomplished by adjusting the force-

' feel system to zero ctick force.

il O i il Wi 1555 R

The longitudinal trimmer provides edditional control for take-off and
landing under normal operation, to increase the load factor that can be
attained at high eltitudes, and to serve as an emergency pull-out device 2
if the power system fails in e dive., The trimmer is to be used also for )
longitudinal stick-force trim when operating on manusl control, The 1
! trimmer will be actuated by a separaste lever in the cockpit end can de i
| positiored when the landing gear is down or the hydraulic power system ‘
. is inoperative., If the hydraulic system is operating with the gear I
| retracted, the trimmer will return to neutral upon releess of its control. a

S (« } The purpose of this type of contrel is to prevent the trimmer and elevons
g !

]

[

from being operated against each other in normal flight.

i Laterel stick force also will be proportional to elevon displacement and
j g. The maximum elevon displacement will be limited by the hydraulie 3
pressure which will be a function of ¥ech number ess shown below,
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Thie hydraulic pressurs variation has been 8o chosen that the maximus
elevon angle never exceeds the maximum sllowable elevon angle, con-
sidering the structural strength of the wing in torque, OComseguantly
the maximum deflection of the elevons as ailerons ie a function of the
deflection of the elevons as elevators, At a load factor of 6 and
high indiceted speeds the maximum aileron angle is less than at a load
factor of one,

6.3 Emergency Control Operation

The change-over from power operation of the control surfaces to manual
control will be automatic in the case of a hydraulic power failure,
Immediately after failure, providing the hinge moment is above a selected
value, the control surface will remain irreversible because the fluid

in the elevon actuating cylinders will be trapped, (neglecting leakage
throughout the system), by a check valve., The force-feel system is
automatically disconnected at the time of hydrauliec power failure. 1If
the hinge moment of the elevon is reduced below this selected value,

the check velve will open and automatically free the inner elevons.

Thes outer elevons are still directly connected to the stick. In order
to incresze the mechanical advantu.ge of the gearing sysitem, means are
provided for lengthening the control stick. For training purposes or

if a failure occurs that asllowa the fluid in the cylinder to move freely,
the pllot has a switch to shut off the hydreulic system and place him

ia manusl control as above.
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7.0 CINTFR CF ORAVITY TRENDS

f Since the XF4{D-1 18 now in the process of design, it
is imposeible to predict accurately the final maximum
i forward and aft center of gravity limits, Trevious
analysis has shown that the difference between the

i maximum forward C.G, with gear and slats extended and
the maximum aft C.GC. with gear and slats retracted is
3% MAC. Using this difference =s a base, it is be-
lieved the finel center of gravity range for the

: conditions specified will be near 22% ¥AC to 25% MAC.
i Calculations in this report are besed on this
assumption.,

As further discussion will indicate, it will be
k ( ) necessary to restrict the center of gravity range

to the values mentioned above, If final weight and
balence figures reveal the C.C. travel to be farther
E forward or aft along the mean aerodynamic chord,
ballast will have to be used to bring the limits into
the desired range.
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8,0 DISCUSSION

8.l Longitudinul Characteristics

8.1,1 Static Tongitudinal Stability

Trimmed, stick-fixed neutral points versus 1ift coefficient ar» shown in
Tigure 4 . At all speeds below which Mach number effects are asgligidle
the neutral point is aft of 30% MAC. Since the maxigum aft center of
gravity position hes been set at 25% MAC, the static margin requirement
of Reference 4 is met over the low speed flight range.

8.1.2 Dynamic longitudinal Stability

cince the XF4D-1 airplane has no horizontal tail, it wms expected that

damping of the longitudinal oscillations would be low compared with econ-~-
ventional airplsnes. Calculations were made, (Reference 5 ), that veri-
fied these expectations, Several changes in airplane configuration and
inertia characteristics have been made since Reference 5 was published
that directly effect longitudinal demping., These clianges are an increased
fuselage nose length, which reduces dcy , and ean increased moment of

eon made using data obtained

a
{nertia in pitch, New calculations have b
Table 2 lists the

from wind tunnel tests of the latest configuration,
mass and serodynamic parameters used in the enalysis.

\

-

TABLE 2
SUMMARY OF PARAMETTRS USED IN DYNANIC
1.ONGITUDINAL STABILITY C ALCULATIONS
I Tl___,_ \ i
CL 550 «275 .150 071
fross Weight, Lbs | 16821 16821 16821 16821
Inertia in ?ituh 31500 31500 31500 31500
(Slug Pt.<) |
Cay -.50 -.50 -.50 -.50
Gy (per Red.) 2.61 2,61 2.6 2.61
cna {PI!" Eldli '-315 _im "'rluj “'-12?
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A summery of the damping characteristics is presented in Figure 5 .
This graph was plotted with a and 3 as coordinates to perait showing
the relative value of the damping of the oscillatioa by drawing lines
corresponding to the time required for the oscillation to decay tc
1/2 or 1/10 the initial value, Damping is marginal for all lift soef-
ficients At sea level, and becomes worse as altitude inoreases, though
the airplane will always damp to 1/2 amplitude in one cycle or less.
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! It is doubtful if any aerodynamic means can be PTound to substantielly
increase damping in pitch. Reference 3 points out that it is impossidle
to change c‘a’ Cmg, or the inertia in pitch emough to materislly improve

. the situation., Should flight tests verify the low damping, use of a
rate-gyro, actuating the elevons to oppose the short period longitudinal |
oscillation, seems to be the logical solution, !

_— 8.1.,3 longitudinal Control

oo
Aol P

i 8.1.3.1 Normal Control Configuration

' 8,1.3,1.1 Maximum Lift Characteristics

} .
f i The final configurstion of model XF4D-1 is equipped with 26"
| ( ') chord elevons from which primary pitoch control is obtained,

9 Pitch control may be augmented when necessary, such as during
|

|

.,.
- -

take-off and landing, by longitudinal trimmere loceated indoard
of the elevons. Since preliminary .design of the airplane had
40" chord elevons, the maximum 1ift coefficient to which the
airplane csn be trimmed in pormal flight, (trimmers faired),
{8 lower than the values ocuoted in previous reports,

R R

e

=

Figure 6 shows trimmed 1lift curves and §, versus C; for two 1

. center of gravity positions, The airplane is oclean and operating
in a region of no ground effect, Under these conditions the i
trimmer setting is zero degrees, 4

L) e— o . — ——— -

Yhen the gear is down, the pilot can position the trimmer to eny 1
angle between zero and 3Q degrees trailing edge up., Figure 7
shows trimmed 1ift curves and Cj versus$, for the trimmer fully
deflected andfaired, Gear and slats are extended and there is&
no ground effect.

£ During take-off and landing, the trimmer should be fully deflected
i to obtain minimum take-off and landing speeds, Curves of trimmed

CL versus a and 54 are shown in ¥igure 8 . These include ground
effect, . |

1 £ ¥aximum trimmed 1ift coefficients for the above mentiocned con- - |
dition are summarized in the following table, i '
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TABLE 3
Flight Condition and ¥aximum Trimmed C ]
Airplane Configuration CG=25% MAC CG= NAC
Slats and Gear Retracted, .610 .506
No Ground Fffect,Se = -15°, 8y = 0°
Slats snd Cear ¥xtended, 47 .510
No Cround Fffect, S, = -].5°,<§W = 0°
Slats and Gear Fxtended, --- .830
Yo Ground Fffect, S, = -15°,8y = -30°
Slats and Cear Fxtended in .955 .795

Fresence of Ground, §4 = -15%, &y = -30°

Maximum 1ift coefficient and angle of attack obtained in presence
of the ground is shown in Figure § a8 a function of center of
gravity position.

8.1.3.1.2 Rffect of Trimmer Fositioa on Flesvon Position and Stick
Yorces Required for Landing

Elevon position and stick force required to trim versus indicated air
speed are shown for two trimmer positions in Figures 10and 1l . For
a given speed, increasing the trimmer deflection requires reducing
the elevon deflection to maintain trim, Thus, minimum landing speeds
are obtained when the trimmer is fully up. The slope of the elevon
angle versus indicated airspeed curve is stable, an up deflection
being reguired to reduce speed, and thus satisfies stick fixed static
stability requirements,

Stick forces associated with various elevon positions are supplied
by a device giving forces proportional to dynemic pressure and
elevon deflection, Norce trim is accomplished by altering the zero
force position of the stick until zero force corresponds to the
stick position required for trim. The angle at which the trimmer is
set will have little effect on stick force required to trim provided
the force iz reduced to zero at the same airspeed for various trimmer
angles. This may be explained by the fact that no matter where the
trimmer is set, if the trim force 18 reduced to zero at a constant
speed, the amount of change of elevon deflection required to produce
2 given speed change is essentially constant. In FigureslO end 11
the force is trimmed to zero at 1.4 times the stalling speed for
both trimmer deflections shown,
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Since it is necessary to have reasonsble atick force characteristics
at high speeds, the landing forces are 1light becausse of low values
of q.

A curve of elevon angle required to hold the airplane off the ground
at 1.05 times the stalling speed versus center of gravity position
is shown in Figure 12, The elevons are sufficiently powerful to
meet the requirements cof Reference 4 to a forward center of gravity 3
position of 21,6% WAC,

8.1.3.1.3 Stick Torce Chsracteristica During Accelersted Flight

Flevon position and stick force versus load factor for various 1lift |
coefficients are shown in Figuresl3 andld for C.G. positioas of |
257 MAC and 227 MAC respectively, These curves were obtained |
assuming the trimmer was fully deflected at lift coefficients above i
.40 and was faired below C; = .40, ]

The variation ia stable and linear up to maximum elevon deflections
but in exzcess of the requirements of Reference 4 over the low speed
flight ranrse. This is not considered objectionable since the
maximum "g's" that can be pulled st low apeeds are emall and the
corresponding stick forces reascnable. As speed increases, the
stick force per "g" gradient decreases until the variation is

within the specified limits around Mach number .40,

8.1.3.1.4 Nose Wheel Lift-Cff Clerescteriatica

Figure 15 shows the geometry of the landing gear of Model YF4D-1,
which is composed of two main wheels, a noae wheel and a tail wheel.
Muring nose wheel 1ift off the tail wheel contacts the ground

before the nose wheel ia off and must be compressed before furiher
raising of the nose can be accomplished., Tigure 16 presents apeed
at which the tail wheel will compress as a function of groas weight !
and center of gravity position.

—_—— e B

After sufficient force has been applied to the tail wheel to start
compreesion, the airplane must further increase speed to continue
compression of the tail wheel and thus raise the noae wheel, Nose
wheel 1lift-off speeds are shown in FTigure 17 as & function of gross
weight and center of gravity position.

= |

For a gross weight of 16821 1lbs,, the maximum forward center of
gravity for which the nose wheel lift-off requirements of Reference A
) can be met 1a 23,87 MAC. It is possibls that under certein lceding
' conditions the center of grevity may be forward of 23.8% MAC for
take-off. This ia not considered to be serious for the following
resson, For land take-offa, the maximum ground angle that can be

CORTIDANTLAL
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